ABSTRACT This paper reports subjective test results of two different test sets: one without and one with a parallel task. The subjective listening tests were performed according to ITU-P.800 Recommendation. Regarding the parallel tasks, there were two categories: a parallel task that requires visual/motor coordination; and another that requires the use of taste perception. Specifically, in the first experiment, subjects were asked to drive a car simulator, while in the second they were asked to sort a variety of samples by taste. In both situations, the subjects performed the parallel task while assessing the audio quality. The results obtained in the experiments with a parallel task showed considerable differences from the standard P.800 test. Nevertheless, similar features were observed in the results of both parallel task tests. Based on those results, an objective estimator of speech quality assessed with a parallel task was developed, which was based on an enhanced ITU-T P.863 (POLQA) algorithm. The improved estimator provides a more accurate prediction of subjective tests with a parallel task than the original POLQA algorithm, as shown also in the results.
I. INTRODUCTION
Audio quality assessment is regulated by multiple standards. In telecommunication transmission quality tests the ITU-T P800 Recommendation [1] is widely used. It states that to perform a proper subjective audio quality assessment, the subjects must be seated in an anechoic or semi-anechoic listening environment and fully focused on the listening test procedure. However, an interesting tendency in the field of subjective audio quality and intelligibility is to combine a listening activity with other tasks. These new testing methods aim to provide a more realistic scenario for the test subject and therefore to obtain data that is more comparable to real-life situations.
These new emerging subjective tests mainly include a type of parallel task (sometimes also referred as a dual task) or disturbance designed by the researchers. Those additions to the regular standard tests conducted according to international recommendations aim to better simulate scenarios where voice services are in reality often used [2] . Basically, this method introduces another task that involves mental, physical or hybrid activity, in parallel to the standard P800 listening procedure. Although the task is not always based in a real-life scenario, it must always be engaging enough so that the subjects cannot concentrate only on the stimuli being played.
In [3] , for example, listeners were asked to remember a five-digit number while identifying a letter, which is not an everyday activity but it makes the subject focus part of his mental effort to memorizing a number. On the other hand, in [4] , a normal-hearing individual had to report sentences or words while in a noisy simulated environment, and at the same time he/she either had to remember words in short-term memory or had to respond to a visual reaction-time task. Coi et al. [5] , in turn, explored the correlation between short-term memory (STM) and speech perception. To do so, they used as subjects children, since in the early stages of development they have only a limited amount of STM. The experiment consisted of asking them to repeat the last word in the sentences that were presented. Finally, in [6] , the experiment was also a further focus on what is called listening effort. Instead of only looking for differences in speech perception, they tried to measure changes in listening effort and how it correlated with the amount of audio impairment.
These four experiments focus on memory-related and mentally-oriented tasks, which are easily designed and easily add a mental load to the subject. This is because the tasks are based on activities that subjects are not used to doing naturally, therefore it requires mental effort and to consciously focus on another such a task, which prevents the subjects being completely applied to listening assessment. However, in these cases, the experience and the competences of the subjects have a great influence on the size of their load. For example, a mathematician would be much more comfortable with memorizing five-digit numbers, and his load level would not be the same as the other subjects. As a result, his speech perception will be less impaired than the speech perception of the other subjects, so the obtained analysis would be somewhat tainted by his ease in performing the proposed task.
Parallel task tests are particularly interesting when testing devices for real-life extreme scenarios (e.g. military scenarios). This type of testing can also help to explain why some devices highly regarded in laboratory subjective testing have not been preferred in field conditions. This paper adopts a new approach. Tasting has been introduced as a new parallel task, while most studies have focused on audiovisual perception or eye-hand coordination. The authors wanted to find whether the use of another sense could somehow change the perceived quality.
In order to test this hypothesis, multiple experiments were held. In one, the subjects were focused on listening to the audio, while in the other two experiments, they had not only to listen to and assess the audio, but also to drive a car simulator or taste samples and sort them out according to the test logic.
To our knowledge, tasting as a parallel task to a subjective audio test has never been explored in the past. However, with the increase in the use of mobile devices, it is quite normal to see people using their mobile phones while eating, not only to make phone calls but also for watching streamed media, etc. We believe it is important to see if this mode of mobile device usage brings any difference in audio quality perception. Another rather important applicability area is the design and optimization of room acoustics for dining places (restaurants, canteens, etc.), which becomes useful when designing e.g. public announcement systems or emergency announcement systems. Certain special places (e.g. airport restaurants, military base dining rooms) deserve careful attention when optimizing the acoustics of the place and thus the quality of the distributed sound.
II. TYPES OF PARALLEL TASKS A. MENTALLY-ORIENTED TASKS
Mental tasks are always related to brain exercise. They mostly involve memorization and repetition of information, or verbal and numerical reasoning skills. Examples include memory-oriented tasks, logical quizzes, math calculations, tests in a foreign language, or virtual reality (VR)-based tasks requiring negligible movements. This type of task does not have a significant influence on the physical conditions of the subject. As has already been mentioned, experiments [3] - [5] , and [6] have explored the effects of a memory task on speech quality assessment.
Other sorts of mental tasks require some PC work. In the second experiment in [4] , the listeners were asked to repeat a sentence that they had heard, or the part that they had comprehended (the sentences were played back with various levels of background noise), while watching a PC screen and utilizing the keypad to choose whether an even digit or an odd digit was being shown. In tests [7] , [8] , listeners had to solve basic mathematical problems from the listening input and, at the same time, press a specific key related to the color that was being shown on the PC screen. Reference [7] was an investigation into various discourse synthesis systems. Experiment [8] compared human and synthesized speech with transmission degradation (compression, noise, packet loss). In both [7] and [8] , the outcomes demonstrated that the worse the quality of the speech and consequently the worse the clearness of the assignment of the primary task, the more drawn out the response times in the secondary task would be. In [8] , in the worst-scenario transmission, a few respondents totally omitted the secondary task. In [9] , younger and older adults attempted to comprehend a target talker with and without stating how many masking voices were exhibited in time-reversed samples. Reference [10] was a speech comprehensibility test with two similar parallel task paradigms. It consisted of two parts: first, subjects were asked to press the space bar on the console when they saw any color on their screen, and then they were asked to press the corresponding button for the text color that appeared on their screen. In [11] , respondents were asked to look for particular data on a simulated news site, and then to assess their client's involvement with a particular setting. In an attempt to bring the test closer to reality, the respondents additionally watched TV. The outcomes demonstrated that the search took a longer time when sitting in front of the TV, although the last quality evaluation for the condition was the same as in the test without a secondary task. The results demonstrate that the sentence acknowledgment scores and the arithmetic scores diminished as the noise increased, while the reaction time for the arithmetic tasks expanded as the noise increased.
B. PHYSICALLY-ORIENTED TASKS
The physical task involves a physical or sporting activity, such as running, (stationary) bike riding, or exercise on a running belt, VR-based tasks requiring significant movements with only a negligible mental load, a moving platform, a centrifuge, etc. This type of task does not significantly influence the mental conditions of the subjects and does not imply logical thinking.
Experiment [12] shows the utilization of a physically oriented task in two different tests. In the first test, professional golfers were asked to putt on a training green while listening to tones from an audio-player. They had to distinguish and report one specific tone. The outcomes demonstrated that the players were better in putting with an extra task than without it. In the second part of the test, the respondents were asked to dribble a soccer ball around a slalom course of cones while listening to some words and distinguishing and repeating a target word. The respondents were part of a group of experienced footballers and non-players. The experienced athletes performed better in the slalom under the load of the secondary task. The load made the experienced competitors execute the automatic and rehearsed moves better.
C. HYBRID TASKS
Hybrid tasks require physical and mental activity, and can be exemplified by driving a car, operating a machine, (simulated) target shooting, VR-based complex tasks, PC gaming, or for example by sorting small objects.
In the second part of the test [11] , the subjects likewise needed to scan for data on a news site. This time, the analysis was performed on public transport. Unlike what occurs when watching TV, this parallel assignment did not infuence the outcomes of the analysis. In another test [13] , a coherence test with a parallel task approach was performed for respondents with dysarthria identified with Parkinson disease. The parallel task for the subjects was to turn a nut on a screw. The clarity scores for double assignment conditions were lower, with notable contrasts between the scores for different tasks. In the analysis [14] , the subjects were asked to drive a car while listening to a phone call. The drivers were much more likely to miss the traffic mark when listening to a phone call than when driving without a phone. In addition, the drivers had longer response times. In the test [15] , the respondents performed a speech intelligibility test on speech samples deploying different coders and noise levels. The test was first performed under standard research facility conditions and was then performed again with a parallel shooting task (deploying a laser shooting simulator). Certain test conditions produced higher scores in a parallel test than in a lab. The same simulator was used to generate a parallel task for speech quality assessment following P.835 methodology in [16] . For only partly understood reasons, [12] , [15] show that some mechanisms of human behavior and perception work differently under the load of a parallel task than in the standard quiescent state.
III. SUBJECTIVE TESTS
Subjective listening testsg of audio quality are regulated e.g. by [1] . Here the subjective quality assessment is usually performed by presenting short fragments (called samples) of test audio material to the test subjects, collecting single integer numbers called Opinion Scores ranging from 1 (worst quality) to 5 (best quality). The mean value of the scores assigned by the subjects to the same sample is called the Mean Opinion Score (MOS) [1] .
Several different types of MOS results are calculated and reported in this work. They are differentiated according to the way they are obtained. The naming is based on recommendation P.800.1 [17] , which defines MOS-LQS for Mean Opinion Score -Subjective Listening Quality and MOS-LQO for Mean Opinion Score -Objective Listening Quality. The standard further defines the letter W as the lower index at the end of the abbreviation as an indication that the audio files were recorded and played out in wideband (50-7000 Hz) quality. Similarly, for the purposes of this work, we introduce P in the upper index as an indication that a parallel task was part of the test and H as an indication that this parallel task was the hybrid type. Together, for example, MOS − LQS PH W means Mean Opinion Score of Subjective Listening Quality, performed in a wideband context, deploying a hybrid parallel task.
Our tests were performed in an acoustic room with a reverberation time of 185ms, where the background noise is below 30dB SPL(A) with no peaks in the frequency spectra. Both parameters fully conform to the requirements of [1] .
The audio samples were recorded in 48kSa/s, 16 bit mono format, and were reproduced by closed circumaural headphones (Sennheiser HD280Pro) with no frequency compensation. A professional distribution amplifier and a high quality sound card were used.
A. PARALLEL TASK DESIGN 1) DRIVING
The first parallel task studied here was simulated car driving deploying a PC-based driving simulator [18] . Our subjective test lab performed only subjective tests with a parallel task (see Figure 1) , as the results of a subjective quality test without a parallel task were available from previous experiments in the partner lab [18] . The audio files tested in this subjective test were music recordings of various car sound systems. Each of the 14 tested sound systems was represented by 14 recordings of different music genres (jazz, classical music, etc.) to compensate for different genre preferences among the test subjects. The vote acquisition process was different from widely-used procedures deploying keyboards or clickers. As the test subjects have their hands fully occupied operating the steering wheel of the simulated car, they were asked to say their audio score out loud after listening to each audio sample. Their verbal responses were noted by the test interlocutor and were recorded digitally in parallel as a further cross-check. 32 test subjects (17 females and 15 males) between 18 and 65 years of age participated in the test. Their average age was 28.7 years. The test results are reported in chapter V. Results.
2) TASTING
As described in Section II, most of the parallel tasks somehow involved the sense of vision. There is no data to indicate whether the use of a different sense would modify the perceptual quality. In order to complement existing research scenarios, it was decided to design a parallel task centered around the sense of taste.
A number of substances of different tastes, namely wheat flour, salt, sugar and sweeteners, were chosen as the main ingredients. The parallel task was to differentiate between samples with different proportions of these ingredients. Table 1 presents a description and a specification of the parallel task.
The speech samples used in this subjective test were prepared using high quality studio recordings of two male voices and two female voices deploying several contemporary wide-band speech coders, ending up with 18 different quality conditions, each being represented by 8 pairs of sentences. Overall, 144 sentence pairs were available for this subjective test. Up to eight test subjects were tested per session. Four sessions in total formed the entire test. Overall, 31 subjects (16 female and 15 male) participated in the test. They were aged between 19 and 28 years, with an average age of 22.8 years. Each session was divided into three listening sections of 11 minutes. The subjects first had no other task apart from listening to the audio samples. Second, the subjects performed the test (using different sample randomization) with the parallel tasting-based tasks as described in Tab.1. While executing the tasks the subjects had to register their opinion through a clicker. They were asked to rate the audio quality on the MOS scale (from 1 to 5). The subjects were separated by mobile barriers to prevent them communicating or interacting in any way. Water was provided for them between the tasting tasks, so that they could refresh their palate.
IV. OBJECTIVE TEST
Although objective audio assessment technology has evolved greatly in recent years, subjective testing is still considered more reliable and robust. Nevertheless, the Perceptual Objective Listening Quality Assessment algorithm (POLQA) is recommended by ITU-T Recommendation P.863 [19] for automizing speech quality tests. POLQA is an ITU-T Standard that incorporates a model for predicting speech quality. The entry of the algorithm is two audio recordings represented by two data vectors composed of 16-bit PCM samples. The sampling frequency depends on the operating mode. Wideband requires a sampling frequency of 48 kHz, while narrowband allows for 8, 16 and 48 kHz. The first vector represents the original (reference) signal. The second vector represents the transferred (degraded) signal. The algorithm itself consists of a block of time alignment, evaluation, and modification of the sampling frequency, and the actual psychoacoustic model that calculates the resulting values of MOS-LQO. The core of the algorithm is the psychoacoustic model. The evaluated signals are divided into short sections in both the time domain and the frequency domain. For each section, the differences between the reference signal and the degraded signal are evaluated separately. The mapping function is used to calculate MOS-LQO from the sum of the differences. The type of mapping function depends on the operating mode that is used. In order to validate POLQA for parallel-task based subjective quality tests, the algorithm was run on pairs of sentences evaluated in the second subjective tests (with and without the parallel tasting task).
V. RESULTS

A. SUBJECTIVE TEST
The following paragraphs report on subjective test results (MOS values) obtained during the two tests that were performed with car driving and tasting as parallel tasks. For testing the parallel task, detailed performance monitoring in the additional task is not necessary. The parallel task has to be designed to be demanding enough to occupy the attention of the subjects or to require effort during the entire test session. The performance of each subject is not necessarily monitored, but it is important to make sure that each subject really deals both with the subjective audio test and with the parallel task, e.g. by visual monitoring. The fact that the test is observed by the test interlocutor is announced prior to the test session as a part of the instructions for the test.
1) DRIVING AS A PARALLEL TASK
In Figure 4 , the vertical axis refers to the MOS for subjective testing with a parallel task (MOS −LQS PH W ) for each recorded condition, while the horizontal axis refers to the MOS-LQS obtained without the parallel task. When exposed to the task of driving, it was observed that the subjects were less critical of low-quality and medium-quality music recordings and they awarded assessments considerably closer to 3. By contrast, high-quality recordings were identified with no sensitivity degradation.
2) TASTING AS A PARALLEL TASK
The data acquired in both subjective tests are shown in the graph in Figure 5 . Again, the vertical axis refers to the MOS for the subjective test with the load for each audio condition, while the horizontal axis refers to the MOS for the plain test. These data affirm that the quality in medium-quality audios is not so sensitively perceived when the subject is under a load. Similarly to what happened in the experiment with driving as a load, the assessments came somewhat closer to 3. High-quality records were still appreciated and were recognized. It can be seen that there is a striking resemblance between the speech quality assessments of the subjects while they are executing the parallel tasks of driving and tasting.
B. OBJECTIVE TEST
No objective analysis of the driving experiment has been performed, as POLQA does not support music files as an input.
1) COMPARISON BETWEEN POLQA RESULTS AND PLAIN P.800
In Figure 6 , the vertical axis refers to the MOS-LQO for the POLQA results -P.863 [19] procedure while the horizontal VOLUME 6, 2018 axis refers to the MOS-LQS for the standard subjective tests without a parallel task. It can be seen that POLQA provides a good prediction of the subjective assessment of speech quality without a parallel task.
2) COMPARISON BETWEEN POLQA RESULTS AND SUBJECTIVE TESTS WITH A PARALLEL TASK (TASTING)
In Figure 7 , the vertical axis refers to the MOS for the POLQA results -P.863 [19] procedure, while the horizontal axis refers to the MOS for the subjective tests with a parallel task (tasting). In this case, the POLQA prediction of the subject's assessment with a parallel task is compromised.
C. PARALLEL TASK-EXTENDED POLQA 1) METHOD
A simple algorithm was developed to provide an objective test that predicts the audio assessments of subjects while performing the parallel tasting task. A polynomial equation was created that describes the relation between the POLQA results and one half of the subjective test results with the parallel task assessment (training group). The other half of the subjective test results with the parallel task per conditional assessment (control group) was used to test the reliability of the algorithm. When the POLQA data is processed through the equation, the data is transformed into other values that faithfully represent the speech quality assessment of the subjects while under the load of making a taste evaluation.
The equation that processes the data is shown below: 
Parallel task-extended POLQA provides a good prediction of the assessments of the subjects with tasting as a parallel task. This type of behavior can be seen in Figure 8 
D. RMSE ANALYSIS
The root-mean-square error (RMSE) is a measure of the differences between the values predicted by a model or by an estimator and the values that are actually observed. RMSE* represents the RMSE with the suppressed CI95 error related to assessments with the parallel task. Table 2 shows that the RMSE value associated with a comparison between the POLQA data and subjective assessments with a parallel task is 0.26, which is greatly higher than the RMSE value associated with the comparison between the MOS − LQO PH w data and the MOS − LQS PH w , which is 0.08. This information proves the efficiency of the parallel task-extended POLQA for predicting the subjective assessments with the parallel task. 
VI. CONCLUSION
Two subjective listening experiments have been performed, with and without parallel tasks, and the results have been compared. Although the parallel tasks were quite different, the study has identified one similar feature between the parallel tasks of driving and tasting: neither of them affects the perception of perfect (highest quality) samples, and both of them indicate a decrease in sensitivity in the remaining range of the MOS scale. In addition, an existing objective algorithm has been enhanced by output polynomial regression that better models the parallel task situation for the case of tasting. Further study is needed to provide a better understanding of the impact of a parallel task in audio perception, and also to understand whether different types of parallel tasks generally have similar effects on human perception.
